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ABSTRACT 
The purpose.of this investigation was to compare 
the effects of temporal auditory integration on the acoustic 
reflex thresholds for subjects with normal hearing and for 
subjects with noise-induced permanent threshold shift. 
Threshold-duration functions were determined for 1, 2,.and 
4 KHz pure tones and for broad-band noise. 
Acoustic reflexes were monitored using an impedance 
technique. Stimulus durations employed were 20, SO, 100, 
.200, and 500 msec. A measurement technique was developed 
which included observation of the impedance bridge output 
deflections in conjunction with latency time to confirm the 
occurrence of reflex activity. 
Results of the study indicated that there may be 
flattening of acoustic reflex threshold�duration functions 
for persons having noise-induced hearing losse�� Flattened 
functions appeared to be frequency specific and corresponded 
to areas of hearing loss. The degree of flattening of the 
functions was related to the degree of the hearing loss, 
with flatter functions occurring for greater hearing losses. 
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CHAPTER I 
INTRODUCTION 
Temporal auditory integration may be defined as the· 
physiological process whereby the intensity required for 
auditory threshold of a stimulus increases as the duration 
of the stimulus decreases. The term summation has also 
been used in discussing this phenomenon, as the observed 
responses are considered to be due to temporal summation at 
the synaptic junctions in the neural pathways (Zwislocki, 
1960). Temporal auditory integration is generally studied 
in terms of the change in stimulus intensity necessary for 
threshold response as stimulus duration is varied. The 
relationship between the amount of intensity a�d the dur­
ation required for threshold is referred to as a threshold­
durati�n (T-D) function. Clinical determination of the-T-D 
function has been called b�ief tone audiometry (BTA) (Har­
ris, Hatnes, and Myers, 1958 and Sanders and Honig, 19�7). 
Threshold-duration functions have been investigated 
by several researchers and for various types of stimuli. 
Normal-hearing subjects have been tested with pure-tone 
stimuli and with broad-band noise stimuli (Garner, 1947). 
Rate of threshold change as a function of stimulus duration 
was found to be dependent upon the bandwidth of the test 
1 
signal •. Pure tones were found to surnmate at a rate of 10 
dB/decade for stimulus durations less than 200 msec, while 
broad-band noise stimuli summated at a rate of 8 dB/decade. 
The summation value for pure tones was obtained, however, 
by averaging data across several test frequencies. It has 
subsequently been shown that the temporal summation rate 
varies with the frequency of the stimulus (Simon, 1963, 
Sheeley and �ilger, 1964, and Gengel and Watson, 1971) and 
is larger for a 1 KHz tone than for a 4 KHz tone. 
Threshold-duration functions have also been examined 
in pathological ears, particularly those with cochlear 
hearing losses. Miskolczy-Fodor (1954) and Harris, Haines 
and Myers (l9Se) observed deviant T-D functions with pure­
tone signals for various types of cochlear disorders. 
Wright (1968a) reported that measurements of T-D functions 
were more sensitive to physiologic disturbances at the 
2 
level of the cochlea than were measures of loudness recruit­
ment. In subsequent studies, Wright (1968b) indicated that 
T-D functions were not affected by conductive hearing losses 
and Wright and Cannella (1969) reported that in cases of 
mixed hearing loss only the sensorineural component of the 
loss contributed to deviant T-D functions. Nerbonne (1970) 
reported that brief-tone audiometry is quite sensitive in 
detecting cochlear lesions caused by exposure to broad-band 
noise. 
Investigations of temporal audi_tory integration at 
supra.threshold levels have indicated a strong positive cor­
relation between pulse duration and loudness for durations 
greater than click-pitch thresholds (Miskolczy-Fodor, 1960 
and Small, Brandt, and Cox, 1962). With a possibly strong 
correlation between loudness and the activation of the 
acoustic reflex (Ross, 1968), this suggested the possibil­
ity of temporal summation effects on the threshold of the 
acoustic reflex. Djupesland and Zwislocki (1971) demon­
strated an unexpectedly pronounced duration effect of temp­
oral integration on the human acoustic reflex threshold. 
The sound intensity required for a criterion response had 
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to be lowered by about 25 dB when the duration of the sig­
nal was increased from 10 to 100 msec. The reflex threshold 
elevation for 20 msec tones in reference to 500 msec tones 
may be as great as 35 dB with the greatest differences in 
the higher frequencies (Woodford, Henderson, and Hamernik, 
1973; Djupesland, Sunby, and Flottorp, 1974; and Woodford, 
Henderson, Hamernik, and Feldman, 1975). The latter study 
investigated the acoustic reflex threshold-duration (ART-D) 
function in normal and hearing-impaired subjects at pure­
tone frequencies of 0.5, 1, 2, 3, and 4 KHz. The difference 
in reflex threshold between 20 msec and 500 msec tones was 
found to be less for subjects with hearing loss o·f cochlear 
origin than for normal-hearing subjects at all test freq-
4 
uencies. Yost and Parker (1973) attempted to differentiate 
among normal hearers and those with Meniere's Syndrome 
using ART-D functions at 0.5, 1, and 2 KHz but were unable 
to demonstrate a marked difference between the two groups. 
The purpose of this study was to compare the ART-D 
functions of normal-hearing subjects and subjects having 
noise-induced permanent threshold shift (NIPTS). Acoustic 
reflex threshold-duration functions were obtained for both 
broad-band noise and pure-tone stimuli at 1, 2, and 4 KHz. 
Thus a comparison of the results for the NIPTS group could 
be made for frequencies were the hearing levels were es­
sentially normal and those where hearing loss was present. 
CHAPTER II 
PROCEDURES 
Twenty-four subjects, twelve having normal hearing 
and twelve having noise-induced permanent threshold shift, 
participated in the study. The subjects ranged in age from 
20 to 33 and the mean age was 26. 3 years. There were 18 
males and 6 females. All·subjects were required to have 
tympanograms within normal limits. Subjects for the normal­
hearing group were required to have pure-tone air and bone 
conduction thresholds of 10 dB HTL or better (re 1969· ANSI 
standard) bilaterally a� each of the following audiometric 
test frequencies: 0. 25, 0. 5, 1, 2, 4, 6, and 8 KHz. The 
presence of an air-bone gap of 5 dB or more at any of the 
test frequencies from 0. 25 to 4 KHz or a history of pro­
longed exposure to high intensity noise levels eliminated 
persons from the normal-hearing group. In addition, evi­
dence of a "notch" in the audiogram at 4 or 6 KHz, regard­
less of the hearing level, eliminated persons.from the nor­
mal-hearing group. 
Subjects for the NIPTS group were required to have 
no air-bone gaps greater than 5 dB and air and bone conduc­
tion thresholds of 10 dB or better (re 1969 ANSI standard) 
for the test ear at 0. 25, 0. 5, and 1 KHz. For the frequen­
cies 2 through 6 KHz, subjects were required to exhibit at 
5 
6 
least a 20 dB HTL "notch" of the type associated with NIPTS 
and to evidence at least 10 dB of recovery at 8 KHz. The 
only requirements for the nontest ear were that there be no 
air-bone gaps greater than 5 dB at any of the test freq­
uencies from 0.25 to 4 KHz, and that there be no physiolog­
ical anomaly present which would preclude the measurement 
of the acoustic reflex at that ear. Subjects in the NIPTS 
group were, in addition, required to have a history of pro­
longed exposure to high intensity noise levels. Auditory 
threshold means and standard deviations are shown in Appen­
dix B. 
Pure-tone pips of various durations at 1, 2, and 4 
KHz and bursts of broad-band noise were used as the test 
stimuli. Rise and decay times were linear and were set to 
5 msec to avoid audible clicks at relatively high sound 
pressure levels (Harris, 1947 and Wright, 1960) . Rise-
fall time is the time taken for the amplitude of the acous­
tic waveform represented by the voltage displayed on an 
oscilloscope to vary between 10 and 90 per cent of the peak 
amplitude. Stimuli.were presented with an interstimulus 
interval of 3.0 seconds to avoid the possibility of attempt­
ing to re-elicit the reflex before full recovery had oc­
curred following cessation of the previous stimulus. Ward 
(196-2) concluded that the acoustic reflex was inactive with­
in one second after the cessation of a tone pulse which e-
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licited the reflex, but Kryter (1970) reported that there 
may be some residual reflex contraction for up to three sec­
onds in some people. 
The test stimuli had peak durations of 17, 47, 97, 
197, and 497 msec. Peak duration was the time that the test 
stimulus was at peak amplitude, whereas total duration in­
cluded both rise-decay and peak duration times. Equivalent 
durations of the stimuli were determined using the equation 
derived by Dallas and Olsen (1964): 
t=2r/3 + P 
where t is duration, r is the rise-fall time (for stimuli 
with equal rise and decay times) and P is the duration of 
the stimulus peak. The test stimuli used in the study thus 
had equivalent durations of 20, SO, 100, 200, and 500 msec. 
Durations longer than 500 msec were not used because changes 
in the reflex threshold as a function of duration are vir­
tually completed for a 500 msec duration. A summary of the 
stimulus envelope parameters is presented in Table 1. 
The apparatus used to produce the test stimuli and 
to monitor subject responses is shown in Figure 1. The two 
signal sources were a sinewave generator (Wavetek model 136) 
and a noise generator (Grason-Stadler model 455C). A double­
pole/double�throw switch permitted.selection of either pure 
tones or broad-band noise as the test signal. The contin­
uous signals produced by the stimulus sources were inter-
Rise/Fall 
Time 
5.0 
5.0 
5.0 
5.0 
5.0 
Table 1 
Stimulus Envelope Parameters 
(All values are in milliseconds) 
Peak 
Duration 
17 
47 
97 
197 
497 
. . . . . . .  
Total 
Duration 
27 
57 
107 
207 
507 . ..... 
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Equivalent 
Duration 
20 
50 
100 
200 
500 
P-TG 
P-TG 
N G 
ES 
TIS 
ES 
N G 
TIS 
I • I Attl 
Pure-tone generator 
Noise generator 
Electronic switch 
Tim�ng interval sequen-
cer 
Attenuator 1 
PA ..,___..,..�At t2 
Phone 
Probe 
tip 
E-AIB 
LPF 
Attl 
PA 
Att2 
E-AIB 
Power amplifier 
Attenuator 2 
Electro-acoustic imped-
ance bridge ------------------
�= � CRO 
LPF 
CRO 
Low pass filter 
Cathode ray oscillo­
scope 
ext. 
Figure 1. Test Apparatus. 
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rupted and shaped with 5 msec rise and fall times by an 
electronic switch (Grason-Stadler model 829E). The elec­
tronic switch was triggered by a timing interval sequencer 
(see Appendix A) which was preprogrammed to produce the fiv,e 
desired signal durations and the interstimulus interval 
automatically. Each stimulus duration was selectable by a 
rotary switch setting on the front of the unit. 
After passing through the electronic switch, the 
stimuli passed through attenuator 1 (Hewlett Packard model 
355C) and were delivered to a power amplifier (Dynaco model 
Mark IV). The output of the power amplifier was delivered 
through attenuator 2 (Grason-Stadler model 1293) to an ear­
phone (Telephonies model TDH-49) mounted in an MX-41/AR 
cushion and held in place by a standard headband. The oc­
currence of the acoustic reflex in the contralateral ear 
in response to the test stimulus was monitored by means of 
an electro-acoustic impedance bridge (Grason-Stadler model 
1720). Impedance matching was observed throughout the set­
up to insure system linearity. The output of the bridge 
was delivered through a low-pass filter (Allison model 2ABR) 
to one· input of a du�l channel oscilloscope (Tektronix mod­
el 5103N) with a slow phosphor cathode ray tube. The cut­
off frequency of the filter was set at 75 Hz. The output 
of the electronic switch was fed to the second input o, the 
oscilloscope as well as to the external trigger input so 
11 
that a trace sweep was initiated each time a stimulus was 
presented. This made it possible to simultaneously monitor 
the stimulus presentation and the output of the electro­
acoustic bridge. The horizontal time base was set to 100 
msec/cni and the vertical amplifier sensitivity was 50 mv/cm. 
The accuracy and stability of the stimulus durations and the 
intensity levels developed by the earphone were checked per­
iodically throughout the experiment. 
System calibration was performed prior to the begin­
ning of each test session. With the electronic switch set 
to the "A ON" position, attenuator 1 set for minimum atten­
uation, and attenuator 2 set for 10 dB of attenuation, a 1 
KHz sinusoid was fed into the input of the electronic 
switch. The output attenuator of the sinewave generator 
was then adjusted so that the earphone produced 130 dB SPL 
into an artificial ear (Brue! and Kjaer model 4152) as mea­
sured with a microphone amplifier (Brue! and Kjaer model 
2603). This procedure was then repeated for the 2 and 4 
KHz tones and for the broad-band noise stimulus. After 
calibration, attenuator 1 was set to provide 55 dB of atten­
uation, so that the initial level of the stimuli presented 
to the ear of a subject was 75 dB SPL. 
During testing, the subjects and all equipment used 
for testing were located in an IAC commercial test suite. 
The ambient noise level of the room was measured with a 
12 
sound level meter {Brue! and Kjaer model 2203) and was 
found to conform to ANSI standard S3. l 1960 R-1971 for per­
missible noise levels in audiometric test rooms. The over­
all sound pressure level in the room was 45 dB measured 
on the linear scale. 
The presentation order of the four stimulus types 
(1, 2, and 4 KHz pure tones and broad-band noise) was ran­
domized for the twenty-four subjects. · Similarly, the order­
ing of the five stimulus durations (20, SO, 100, 200, and 
500 msec) was randomized for each of the four stimulus types 
for each subject. Two subjects from the normal-hearing 
· group and two subjects from the NIPTS group were retested 
at least one week after the initial test session to be used 
for a reliability check of the measurement technique. 
All of the acoustic reflex thresholds were obtained 
in a single test session lasting approximately one hour. 
Following audiometric testing, subjects were seated in the 
test room and the earphone was placed over the test ear. 
The probe tip from the impedance bridge was sealed in the 
contralateral ear and tympanometry was performed. The 
pressure in the ear canal was then adjusted to the point of 
maximum compliance as determined from the subject's tympan­
ogram. Since a normal tympanogram·.was required for a sub­
ject to qualify for this study, the pressure was in all 
cases within ±50 mm H20. The first stimulus envelope was 
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then selected on the timing interval sequencer which auto­
matically presented a series of stimuli of the selected dur­
ation with a delay of 3. 0 seconds between each stimulus. 
The level of presentation was adjusted by means of attenua­
tor 1 (and attenuator 2 in cases where more than 130 dB SPL 
was required) and the output of the electo-acoustic bridge 
was monitored on the oscilloscope until a definite deflec� 
tion could be observed which coincided with the presentation 
of the stimulus. The level was �hen increased by 5 dB and 
a descending technique was employed to determine the point 
of threshold. This point was defined as the level at which 
a just-noticable deflection of the bridge output could be 
seen on the oscilloscope screen. The latency of this just­
noticable deflection was checked to insure that it corres­
ponded to the latency of the acoustic reflex at threshold 
(approximately 100 to 150 msec). At least three descending 
trials were made for each stimulus, and the level at which 
the above criteria were met two out of three times was re­
corded as threshold. 
The descending technique was found to be necessary 
to help insure that random deflections of the oscilloscope 
trace due to movement of the subject or to facial muscle 
ac�ivity were not mistaken for acoustic reflex activity. 
It was, in general, much easier to observe the gradual .de­
cline of reflex activity as the stimulus intensity was de-
14 
creased, than to determine its onset as the stimulus inten-
sity was increased. 
During the course of testing it was discovered that 
some subjects seemed to demonstrate some fatigue of reflex 
activity for the 4 KHz stimulus. In these cases, it was 
necessary to allow a few minutes of rest after each descend­
ing trial to insure that fatigue effects were minimized. 
CHAPTER III 
RESULTS AND DISCUSSION 
The reflex test-retest data for four subjects is 
shown in Table 2. The Pearson product-moment correlation· 
coefficient (Hays, 1973) for this data was 0. 97, which was 
found to be significant at better than the 0. 01 level using 
the t-ratio technique� (Hays, 1973) . This r-value indicates 
that 94% of the variability in the retest thresholds could 
be predicted by variability in the original test thresholds. 
The excellent repeatability of the acoustic reflex thresh­
olds may have been due in part to the measurement technique 
employed. Use of the reflex latency at thresho�d as part 
of the measurement criterion made it possible to virtually 
eliminate movement artifacts and allowed differentiation of 
the reflex resp9nse for stimulus intensity changes as small 
as 2 or 3 dB. 
Acoustic reflex threshold means and standard devia­
tions for both groups and all test conditions are shown in 
Table 3. The mean thresholds for the 500 msec stimuli were 
similar to those reported by Jepsen (1951) ,  Peterson and 
Liden (1972) , and Woodford, et al. (�975) for pure tones 
and by Deutsch· (1972) for both pure tones and broad-band 
noise. Examination of the standard deviations reveals that 
in general the greatest variability for reflex thresholds 
15 
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Table 2 
Reflex Test-Retest Data for Four Subjects 
Duration 1 KHz 2 KHz 4 KHz BBN 
(msec) Test Retest Test Retest Test Retest Test Retest 
Subject 8 
20 114 114 118 121 123 124 104 105 
so 106 106 109 113 115 116 98 100 
100 100 100 103 103 103 104 95 97 
200 97 99 100 100 100 100 87 95 
500 95 97 96 98 95 .96 86 89 
Subject 9 
20 124 128 123 130 124 126 114 113 
so 115 118 117 ·123 118 120 104 103 
100 110. 109 108 112 111 110 97 96 
200 105 105 102 107 99 103 92 94 
500 103 102 96 98 96 95 90 92 
Subject 23 
20 115 118 118 120 131 128 110 110 
so 103 108 103 116 125 124 101 96 
100 101 105 97 104 122 120 97 92 
200 99 101 93 94 119 115 93 91 
500 97 100 90 93 106 104 90 91 
Subject 13 
20 112  114 120 121 122 121 110 106 
so 108 110 117 116 114 114 98 99 
100 104 105 103 105 110 111 94 93 
200 102 100 99 100 101 102 87 88 
500 96 98 95 96 99 98 84 86 
Dur. 
(msec) 
20 
so 
100 
200 
500 
Table 3 
Acoustic Reflex Threshold Means (dB SPL) 
and Standard Deviations 
1 KHz 2 KHz 4 KHz 
Normal NIPTS Normal NIPTS Normal NIPTS 
112.5 112. 7  116. 8 118. 8 124. 0 124. 1 
8. 8 5. 9 10.4 7. 7 6.1 7. 5 
104. 2 105. 2 107. 2 105. 8 115.0 115.2 
8. 6 5. 4 11. 4  16. 1 6.9 8. 6 
99. 3 100. 5 100. 2 103.3 107. 0 109.8 
7.9 4. 0 9. 3 7.1 6. 4 9. 4 
95. 8 96.9 96. 2 97. 9 99.1 104.1 
7.3 4.1 7. 6 6.9 6.1 8.9 
93.6 93.6 92. 0 94.2 92.9 98. 2 
7. 9 3. 9 7. 1 6. 7 5.3 7. 4 
17 
BBN 
Normal NIPTS 
104.8 107. 9 
13. 5 8. 6 
95. 0 99. 2 
14. 0 8.2 
86. 5 94.3 
13. 7 7. 8 
81.5 89.3 
13.9 7. 7 
77.8 85. 8 
13. 8 8.6 
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was associated with the broad-band noise stimulus for the 
normal-hearing group. The opposite was reported by Deutsch 
(1972), who _indicated that the standard deviations for pure 
tone stimuli were significantly larger than those associated 
with noise stimuli. Comparison of the differences between 
threshold means and the corresponding standard deviations 
for the normal-hearing group reveals that there is consid­
erable overlap of data for the two groups. This is probably 
due in part to the relatively mild degree of hearing loss 
for the NIPTS group. 
Acoustic reflex threshold-duration (ART-D) functions 
have previously been determined by computing changes in re­
flex threshold re the threshold at 200 or 500 msec duration 
(Parker and Yost, 1973; Woodford,· et al. , 1973; and Wood­
ford, et al. , 1975). Observation of the mean reflex thresh­
olds �or the present study, however, indicates that the re­
flex thresholds for the normal-hearing and NIPTS groups are 
similar for the 20 msec duration stimuli and digress as the 
stimulus duration is increased. It would therefore seem 
more appropriate to compute the ART-D functions using the 
20 msec thresholds as the reference points. Mean ART-D 
functions constructed in this manner are shown in Figure 2 
for the normal-hearing group and in Figure 3 for the NIPTS 
group. There is a definite frequency effect observable, 
with steeper threshold-duration functions for the higher 
19 
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Figure 2. Mean ART-D functions for normal-hearing 
subjects (n=l2). 
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Figure 3. Mean ART-D functions for NIPTS subjects 
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frequencies than for the lower frequencies for both groups. 
The ART-D functions are slightly steeper than those obtained 
by Woodford, et al. (1975), but differences were in general 
less than 5 dB. 
Figure 4 shows a comparison of the ART-D functions 
averaged for the pure-tone stimuli and the broad-band noise 
ART-D function for the normal-hearing group. The function 
for the broad-band noise stimulus is somewhat steeper than 
that for the average pure-tone stimuli. This is opposite to 
the trend reported for.the psychophysical threshold find­
ings (Garner, 1947). For stimulus intensities near thresha 
old, the threshold-duration functions are steeper for pure 
tones than for noise. It was Garner's contention that it is 
loudness, not intensity, that is· integrated. The loudness 
growth functions for intensities near threshold are also 
steeper for pure tones than for noise. As the stimulus in­
tensity is increased, however, the equal loudne·ss contours 
(Fletcher and Munson, 1933) become flatter, and the loud-
ness growth functions for pure tones and broad-band noise 
become similar. This could explain the similarity between 
the ART-D functions averaged for the pure-tone stimuli and 
the broad-band noise ART-D function, since activation of 
the .acoustic reflex is believed to be directly related to 
loudness of the stimulus (Ross, 1968). 
Direct comparisons between the mean ART-D functions 
30 X PTA 
a BBN 
-
in 
re, -
20 
r%l 
t!) 
CJ 
0 
...:I 
10 0 
::i:: 
(/) 
r%l 
::i:: 
E-t 
20 so 100 200 500 
STIMULUS DURATION (msec) 
Figure 4. Comparison of average pure tone and 
broad-band noise ART-D functions for normal-hearing sub­
jects. 
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for the normal and NIPTS groups are shown in Figure S for 
the 1 KHz stimulus, Figure 6 for the 2 KHz stimulus, Figure 
7 for the 4 KHz stimulus, and Figure 8 for the broad-band 
noise stimulus. As can be seen from Figures 5 and 6,  the 
mean ART-D functions for the 1 and 2 KHz stimuli are sim­
ilar for both groups. This is consistent with the essen­
tially similar hearing levels for the two groups at these 
frequencies. At 4 ·KHz, however, the NIPTS group had a mean 
hearing level of 34.6 dB HTL, and at this frequency the 
mean ART-D function for the NIPTS group was approximately 
5 dB less steep than for the normal-hearing group. The 
implication would seem to be that flattening of the ART-D 
functions is frequency specific and corresponds to areas 
of hearing loss. The mean ART-D functions for the broad­
band noise stimulus showed greater separation betwe.en the 
normal-hearing and NIPTS groups than did the 4 KHz stimulus. 
It would therefore appear that ART-D functions using broad­
band noise as the test stimulus would be more sensitive to 
cochlear pathology than ART-D functions utilizing pure 
tones. It must be remembered, however, that the variability 
of the reflex thresholds for the normal-hearing group for 
broad-band noise was fairly large. It is therefore im­
possible to determine if the differences in the broad-band 
noise ART-D functions for the two groups are due to sen­
sitivity of the measure or to random variability. 
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Figure 5. Mean ART-D functions for 1 KHz stimulus. 
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Figure 6. Mean ART-D functions for 2 KHz stimulus. 
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Figure 7. Mean ART-D functions for 4 KHz stimulus. 
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Figure 8. Mean ART-D functions for broad-band 
noise stimulus. 
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The relationship between steepness of the ART-D 
function and degree of hearing loss for the NIPTS group was 
investigated using the· Spearman rank correlation technique 
(Seigel, 1956). The calculated correlation coefficient 
between hearing level and slope of the ART-D function was 
-0.4 which was significant at the 0.10 level, indicating 
that there is a correspondence between degree of hearing 
loss and slope of the ART-D function. This relationship, 
though not strong, indicated that in general greater 
. . 
hearing losses yielded less steep_ ART-D functions. 
Woodford, · et al. (1973) reported a rather pronounced 
difference between the ART-D functions for.males and fe­
males, with females having functions with steeper slopes. 
He attributed this difference to the possibility of sub­
clinical cochlear pathology in the males, since they had 
all been exposed at some time to high intensity level noise. 
In order to investigate the possible influence?. of such a 
sex difference on this study, the normal-hearing subjects 
were divided into. two groups on the basis of sex, and mean 
threshold changes were calculated for- each group. This 
was done for only the normal-hearing group, since there was 
only one female subject in the NIPTS group. The results 
are shown in Table 4. There appear·s to be no difference 
in the average threshold changes for males and females. 
Table 4 
Mean Changes in Acoustic Reflex Thresholds· for 
Normal-Hearing Males �n=7) and Females (n=5) 
Duration 1 KHz 2 KHz 4 KHz BBN 
29 
(msec) Male Female Male Female Male Female Male Female 
20 18. 9 19. 0 25. 9 23. 4 30. 6' 31. 8 27. 1 27. 0 
50 10. 3 11. 2 15. 6 14. 6 22. 0 22. 2 17. 3 17. 2 
100 5. 3 6. 4 8. 3 8. 2 13. 7 14. 6 9. 4 7. 8 
200 2. 1 2. 4 4.4 4. 0 5. 7 6. 8 4. 3 3. 0 
500 o.o 0. 0 0. 0 0. 0 o.o 0. 0 0. 0 o .·o 
CHAPTER IV 
CONCLUSIONS 
The results of this study indicate that the acoustlc 
reflex threshold-duration functions for subjects with noise­
induced permanent threshold shift tend to be flatter than 
the functions ·obtained for subjects with normal hearing. 
The slope of the ART-D function appears to be dependent 
upon the frequency of the test stimulus used and is steeper 
for high frequency than for low frequency stimuli. The 
ART-D function averaged for 1, 2, and 4 KHz pure tones is 
slightly less steep than the ART-D function for broad-band 
noise, possibly due to equality of the loudness growth func­
tions for pure tones and broad-band noise at the intensity 
levels required for el;i,.citation . .:of the reflex. 
The ART-D functions for the NIPTS group were similar 
to those for the normal-hearing group for 1 and 2 KHz stim­
uli and were flatter than those for the normal-hearing group 
for the 4 KHz stimulus, indicating that flattened ART-D. 
functions may be frequency specifi� and may correspond to 
areas of hearing loss. The degree of flattening of the 
ART-D functions appears to be somewhat related to the degree 
of hearing loss, with less steep functions occurring with 
greater hearing losses. 
The acoustic reflex thresholds for 20 msec duration 
30 
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stimuli were found to be similar for both groups, and dif­
ferences bet�een the group thresholds increased as stimulus 
duration was increased. The hearing-impaired subjects 
seemed, therefore, to have a decreased ability to utilize 
additional stimulus energy provided by increased duration. 
Inefficient temporal auditory ·integration has been shown to 
be concurrent with enlarged critical ratios (Simon, 1963) 
and with loudness recruitment (Miskolczy-Fodor, 1954) . 
Since both of these phenomena are attributed to cochlear 
pathology, it appears likely that flattened threshold-dura­
tion functions are yet another indicator of cochlear lesions. 
If acoustic reflex threshold-duration functions are 
to be utilized as an aid in the detection of cochlear dis­
orders, comprehensive information is required concerning 
the effects of test frequency and degree of hearing loss 
on the acoustic reflex threshold variability and on the 
slope of the ART-D functions. Since temporal integration 
rate seems to vary as a function of the frequency of the 
test stimulus, normative data should be established for 
each test frequency and should include variability of the 
reflex thresholds. The relationship between degree and 
type of hearing loss and slope of the ART-D functions must 
be better established. 
Further investigation is warranted concerning the 
use of noise stimuli to determine the ART-D functions. 
32 
Differences were seen in the ART-D functions for the normal­
hearing and NIPTS �roups using broad-band noise as the test 
stimulus, but the variability of the reflex thresholds for 
the normal-hearing group for this stimulus was too large 
to allow conclusions to be drawn. It might be informative 
to obtain ART-D functions for subjects with sloping hearing 
losses using low- and high-pass filtered broad-band noise. 
This would allow comparison of the functions in individual 
subjects for frequency regions where lesser and greater 
degrees of hearing loss are present. 
The use of acoustic reflex threshold-duration func­
tions as an aid in the detection of cochlear hearing losses 
appears to be a promising area. Statements regarding the 
utility of this auditory measurement technique, however, 
must await further study in normal-hearing subjects and 
in subjects with a variety of hearing disorders. 
BIBLIOGRAPHY 
Bibliography 
Dalles, P. Dynamics of the acoustic reflex. J. · acou·st. 
Soc. Amer. , 36, 1964, 2175-2183. 
Dalles, P. and Olsen, W. Integration of energy at thres­
hold with gradual rise-fall tone pips. · J. acoust. 
Soc. Amer. , 36, 1964, 743-751. 
Deutsch, L. The threshold of the stapedius reflex for 
pure tone and noise stimuli. Acta Oto-Laryngol. , 
74, 1972, 248-251. 
Djupesland, G. and Zwislocki, J. Effect of temporal 
summation on the human stapedius reflex. Acta 
Oto-Laryngol. , 71, 1971, 262-265. 
Djupesland, G. , Sunby, A. , and Flottorp, G. Temporal 
summation in the acoustic stapedius reflex mech­
anism. Acta Oto-Laryngol. , 76, 1973, 305-312. 
Djupesland; G. and Zwislocki, J. On the critical band 
in the acoustic stapedius reflex. J. acoust. ·soc. 
Amer. , 54, 1973, 1157-1159. 
FitzZaland, R. �E. and Borton, T. E. The use of acoustic 
reflex and pure tone thresholds for measuring 
loudness recruitment. Paper presented at the 
annual convention of the American Speech and 
Hearing Association. Las Vegas, 1974. 
Fl�tcher, H. and Munson, w. L6udness, its definition, 
measurement, and calculation. J. acoust·. Soc. 
Amer. , 5, ·1933, 82-108. 
Garner, w. The effect of frequency spectrum on temporal 
integration of energy in the ear. J. acoust. Soc. 
Amer. , 19, 1947, 808-815. 
Garner, w. The loudness of repeated short tones. J. 
acoust. Soc. Amer. ; 20, 1948, 513-527. 
Genge!, R. Auditory temporal integration at relatively 
high masked-threshold levels·. J. acoust. Soc. 
Amer. , 51, 1972, 1849-1851. 
Genge!, R. and Watson, C. Temporal integration: I •. 
Clinical implications of a laboratory study. II·. 
Additional data from hearing impaired subjects. 
J. speech hear. Dis. , 36, 1971, 213-224. 
34 
Gjaevenes, K. and Rimstad, E. The influence of rise time 
on loudness. J. acoust. Soc. Amer. , 51, 1972, 
1233-1239. 
Harris, J. , Haines, H. , and Myers, C. Brief tone audio­
metry. Arch. Otolaryngo1. , 67, 1958, 699-713. 
Hays, W. Statistics for the social sciences. Second 
edition. New York: Holt, Rinehart, and Winston, 
Inc. , 1973. 
Hung, I. and Dalles, P. Study of the acoustic reflex in 
human beings. I. Dynamic characteristics. J. 
acoust. Soc. Amer. , 52, 1972, 1168-1180. 
Jepsen, O. Middle ear muscle reflexes in man. In James 
Jerger (Ed. ), Modern Developments in Audiology. 
New York: Academic Press, 1973. 
Jerger, J. , Burney, P. , Mauldin, L. , and Crump, B. Pre­
dicting hearing loss from the acoustic reflex. J. 
speech hear. Dis. , 39, 1973, 11-22. 
Kryter, K. The effects of.noise on man. New York: Aca­
demic Press, 1970. 
Lilly, D. Properties of the acoustic reflex in man. J. 
acoust. Soc. Amer. , 36, 1964, 2007. (Abstract) 
Licklider, J. Basic correlates of the auditory stimulus. 
In s. s. Stevens (Ed. ), Handbook of Experimental 
Psychology. New York: John Wiley and Sons, Inc. , 
1951. 
Miskolczy-Fodor, F. Monaural loudness balance test and 
determination of recruitment-degree with short 
sound pulses. Acta Oto-Laryngol. , 43, 1954, 573-
595. 
35 
Miskolczy-Fodor, F. Relation between loudness and duration 
of tonal pulses. I. Response of normal ears to 
pure tones longer than click-pitch threshold. J. 
acoust. Soc. Amer. , 31, 1959, 1128-1134. II. Res­
ponse of normal ears to sounds with noise sensation. 
J. acoust. Soc. Amer. , 32, 1960, 482-486. III. · 
Response in cases of abnormal loudness function. J. 
acoust. Soc. Amer. ,  32, 1960, 486-492. 
Nerbonne, M. A comparison of brief-tone audiometry with 
other selected auditory tests of cochlear function. 
�octoral dissertation, Michigan State Univ. , 1970. 
36 
Northern, J. Temporal summation for critical bandwidth 
signals. J. acoust. Soc. Amer., 42, 1967, 456-461. 
Olsen, W. and Carhart, R. Integration of acoustic power 
at threshold by normal hearers. J. acoust. Soc. 
Amer., 40, 1966, 591-599. 
Parker, W. and Yost, w. The acoustic reflex and temporal 
integration. Communication Sciences Laboratory 
Quarterly Repo·rt, Univ. of Florida: Department of 
Speech, 1973, 21-23. 
Peterson, J. and Liden, G. Some static characteristics of 
the stapedial muscle reflex. Audiology, 11, 1972, 
97-114. 
Robinson, c. Simple form of the auditory running-average 
hypothesis: Application to the temporal summation 
of loudness and to the delayed perception of the 
offset of brief stimuli. J.· acoust. Soc. Amer., 
55, 1974, 645-648. 
Ross, S. On the relation between the acoustic reflex and 
loudness. J. acoust. Soc. Amer., 43, 196 8 ,  76 8-779. 
Sanders, J. and Honig, E. Brief tone audiometry. Arch. 
Otolaryngol., 8 5, 1967, 640-647. 
Scharf, B. Critical bands and the loudness of complex 
sounds near threshold. J. acoust. Soc. Amer., 31, 
19 59, 36 5-370. 
Scharf, B. and Hellman, R. Model of loudness summation 
applied to impaired ears. J. acoust. Soc. Amer., 
40, 1966, 71-78. 
Sheeley, E. and Bilger, R. Temporal integration as a 
function of frequency. J. acoust. Soc. Amer., 36 
1964, 18 50-18 57. 
Siegel, s. Nonparametric statistics. New York: McGraw 
Hill Book Company, Inc., 19 56. 
Simon, G. The critical bandwidth level in recruiting ears 
and its relation to temporal summation. J. aud. 
Res., 3, 196 3, 109-119. 
Small, A., Brandt, J. and Cox, P. Loudness as a function 
of signal duration. J. acoust. Soc. Amer., 34, 
196 2, 513. (Letter to Ed.) 
37 
Ward, W. Effect of temporal spacing on temporary threshold 
shift from impulses . · J .  acoust' . · Soc . Amer .,  34, 
1962, 1230-1232 . 
Woodford, c . , Henderson, D .  -and Hamernik, R .  Temporal 
summation and the acoustic reflex in chinchilla 
and man . Asha, 15, 1973, 435 . (Abstract )  
Woodford, c . , Henderson, D ., Hamernik, R .  and Feldman, A .  
The threshold-duration function of the acoustic 
reflex in man . Audiology, 14, 1975, 53-62 . 
Wright, H .  Clinical measurement of temporal auditory 
summation . J. speech hear . Res ., 11, 1968, 109-127 . 
Wright, H .  The effect of sensori-neural hearing loss on 
threshold-duration functions . J .  speech hear . Res . ,  
· 11, 1968, 842-852 . 
Wright, H .  and Cannella, F .  Differential effect of con­
ductive hearing loss on the threshold-duration 
function . J .  speech hear . Res ., 12, 1969, 607-615 . 
Zwicker, E .  Subdivisions of the audible frequency range 
into critical bands . · J· . ·  acoust'. Soc ; Amer . ,  33, 
1961, 248 . (Letter to Ed . )  
Zwicker, E ., Flottorp, G .  and Stevens, s .  Critical band 
width in loudness summation . J .  acoust . Soc . Amer .,  
29, 1957, 548-557. 
Zwislocki, J. Theory of temporal auditory summation . J .  
acoust .  Soc . Amer .,  32, 1960, 1046-1060. 
Zwislocki, J .  Temporal summation of loudness : An analysis . 
J .  acoust .  Soc . Amer ., 46, 1969, 431-441 . 
APPENDICES 
APPENDIX A 
The timing interval sequencer used in this study 
was constructed within the Department of Audiology . Two 
Signetics 555  integrated circuit timers were interconnected 
in a "flip-flop" arrangement, so that the end of the timing 
cycle of either timer was the beginning of the timing cycle 
of the other timer. Outputs from the timers were amplified 
and used to trigger an electronic switch (Grason-Stadler 
model 829E) . One timer controlled the on time of the elec­
tronic switch, which determined the stimulus duration, and 
the other timer controlled the off time of the electronic 
switch, which determined the interstimulus interval. 
The duty cycle of each timer was adjustable by 
means of potentiometers which were selectable by a .rotary 
switch setting. Ten potentiometers were available in all, 
seven for setting stimulus duration and three for setting 
interstimulus interval . Before the beginning of the ex­
periment, five of . the stimulus duration control potenti­
ometers were adjusted to provide the five required stimulus 
durations ; one of the interstimulus interval control po­
tentiometers was adjusted to provide the required inter­
stimulus interval. Each of the required stimulus durations 
could then be selected by the proper rotary switch setting • 
. No switch was required for the interstimulus interval, 
since only one value was used. 
39 
/ 
Pushbutton switches were available to start and 
stop the stimulus presentation sequence .  The sequencer 
automatically caused a series of stimuli of the selected 
duration to be presented with a 3 . 0  second interstimulus 
interval . 
4 0  
Group 
Normal 
NIPTS 
APPENDIX B 
Table 5 
Auditory Threshold Means (dB HTL) 
and Standard Deviations 
0. 25 o . s 1 2 4 6 
KHz- KHz KHz KHz KHz KHz 
3. 3 3. 3 5. 0 3. 8 3. 3 3. 8 
4 . 9  5. 4 5. 2 5. 3 6. 2 5. 3 
4 . 6 4. 6 4. 2 5. 0 34 . 6 40. 8 
4. 5 4 . 5 4. 7 6. 7 22 . 3  24 . 1  
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8 
KHz 
3. 8 
5. 3 
29. 2 
19. 8 
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